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Interleukin (IL}-8 is a member of the supergene family of 
proinflammatory and chemotactic cytokines recently termed 
chemokines. IL-8 has been implicated in the pathogenesis of 
inflammatory skin diseases such as psoriasis. In this study, 
IL-8 mRNA expression and protein production were deter-
mined in normal cultured human epidermal keratinocytes 
after ultraviolet-B (UVB) irradiation. Messenger RNA levels 
were determined by the reverse transcriptase-polymerase 
chain reaction (RT -PCR) method. Total RNA was extracted 
from cultured keratinocytes at various time points post-irra-
diation, reverse transcribed to cDNA, and amplified by PCR 
using a labeled specific primer for the target gene. Amplified 
products were sized by electrophoresis, visualized by autora-
diography, and quantitated by densitometry. Autoradio-
graphs were normalized relative to glyceraldehyde-3-
W ithin the last decade it has been found that the keratinocyte (KC) is not only a mechanical . barrier to environmental injury but can func-. tion as an immunocompetent cell that can re-lease immunomodulating cytokines such as 
interleukin (IL)-1 [1,2], IL-3 [3,4], IL-6 [5,6], and colony-stimulat-
ing factors (CSF) [7 -10] (reviewed in [11 D. The constitutive pro-
duction of these mediators by KCs both in lIillo and in lIitro is very 
low. However, their production can be dramatically enhanced by 
stimuli such as tumor promoters and endotoxin [12]. In addition, 
ultraviolet (UV) light is one of the most potent inducers of cytokine 
release. UV exposure induces profound changes in the synthesis and 
secretion of various cytokines and their mRNA expression [13]. It 
has been known that IL-1 [14,15], IL-6 [16], and tumor necrosis 
factor-a (TNF-a) [17,18] are upregulated by UYE in human KCs. 
The secretion of these cytokines is thought to cause local immuno-
logic and inflammatory reactions following UV irradiation. 
Interleukin-8 is a member of the supergene family of proinflam-
matory and chemotactic cytokines recently termed chemokines 
[19]. IL-8 is a member of this family that is preferentially chemotac-
tic for neutrophils and the primary source ofIL-8 is monocytes [20], 
which, only upon stimulation with lipopolysaccharide (LPS), phor-
bol myristate acetate (PMA), Concanavalin A (Con A), IL-1, TNF, 
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phosphate-dehydrogenase (G3PDH) signals. Constitutive 
expression ofIL-8 mRNA was seen in normal cultured kera-
tinocytes. After 100 or 300 J/m2 UVB irradiation, a rapid 
increase in IL-8 mRNA level was observed within 1 h after 
irradiation. At 24 h after irradiation, the mRNA level was 
elevated 11- 13 times compared with the control level. Pro-
duction ofIL-8 protein in culture supernatants was assayed by 
enzyme-linked immunosorbent assay (ELISA). Significant 
levels ofIL-8 protein were observed at 24 h after irradiation. 
Cycloheximide treatment blocked this IL-8 protein induc-
tion. As IL-8 is known to be an inflammatory cell chemotac-
tic factor, these results suggest a possible role for IL-8 in 
UVB-induced skin inflammation and diseases. Key words: 
chemokine/photobiology /RT-PCR. ] Invest Dermatol 101 : 
690-694,1993 
or interferon alpha (IFN a), synthesize and release this cytokine 
[21]. However, it is now clear that other cells, including fibroblasts, 
endothelial cells, and KCs, are capable of producing this factor. KCs 
are found to express IL-8 mRNA upon stimulation by IL-l and 
TNF-a [22-24] and the presence oflarge amounts ofIL-8 in psori-
atic scale was demonstrated [25]. However, UV regulation ofIL-8 
in normal human KCs has not yet been demonstrated. 
The purpose of this study was to investigate whether normal 
human KCs constitutively express IL-8 mRNA and secrete IL-8 
protein, and whether the expression is UVE regulated. In this study, 
we used the reverse transcriptase-polymerase chain reaction (RT-
PCR) method [26], which is a powerful method for detecting spe-
cific mRNAs, is many times more sensitive than RNA blot/hybri-
dization methods, and Cim be completed in a fraction of the time. 
The exquisite sensitivity of RT-PCR makes it possible to study 
specific mRNAs present in very low levels or in very small amounts 
of tissue or cells. We demonstrated that human KCs constitutively 
express IL-8 mRNA, and that UVE irradiation upregulates its ex-
pression within 1 h after irradiation. 
MATERIALS AND METHODS 
Cell Cultures Primary cultures were prepared from newborn foreskin by 
the previous methods [27,28] with some modifications. Briefly, skin samples 
were washed in phosphate-buffered saline (PBS) and connective tissue was 
trimmed. The foreskin samples were then treated by 1 % dispase (Boehringer 
Mannheim, Mannheim, Germany) in Eagle's minimum essential mediuIll 
(MEM) with 10% heat-inactivated fetal bovine serum (FBS) (Boclmek Lab_ 
oratory, Canada) at 4 ·C overnight. Epidermal sheets were peeled from the 
dermis and stirred in 0.05% trypsin and 0.53 mM ethylendiamine tetraacetic 
acid (EDTA) solution (trypsin-EDTA solution) for 20 min at room temper_ 
ature. Cell suspensions were filtered through nylon mesh and centrifuged at 
1000 X g for 10 min. Cell pellets were resuspended in Eagle's MEM with 
10% FBS, plated at 2 X 106 cells per 10-cm dish, and cultured at 37·C in . 
humidified atmosphere of 5% CO2 , After 2-3 d, culture medium was 
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changed to complete keratinocyte serum-free medim11 (K-SFM) containing 
bovine pituitary extract. (BPE) and recombll1ant epidermal growth factor 
( EGF· Gibco BRL, Burlll1gton, Ont). Cultures were fed every thIrd day and 
:efore ' confluency they were subcu ltured by trypsin-EDTA solution fo l-
lowed by washing using MEM med ium and rcpla~ed at a split ratio of 1 : 5. 
UVB irradiation of second-passage ce lls was carned out at 60- 70% con-
fl uency. Data were generated using KCs from four to nine different donors. 
UVB Irradiation UVB irradiation was performcd with polychromatic 
light from a four-tube fluorescent sun lamp (FS2.0T12-UVB, N atim1al Bio-
logical Corporation, OH). Tim Illstrument cmlts wavelengths mall1ly be-
rween 280 and 320 nm, peaking at 313 nm . The IrradiatIOn was 0.36 m W / 
2 at a target distance of 15 cm, as measured by an IL-1400A radlOm~ter, 
cmuipped with a SEL240/ UVB l / TD UVB detector with a spectral sensi-e·~ity in the range of 2S0-320 nm (International Light Inc., Montreal, 
Que). We changed the complete K-SFM to basal medium without BPE and 
rEGF 72 h before irradiation [29]. The cells :-vere washed once ':"Ith PBS and 
. adiated in the presence of 0.5 ml PBS Without the plastiC dish ltd. Con-
ITt Is were sham irradiated for identical periods. Immediately after irrad ia-~~n, the cells were cultured with the conditioned medium(basal K-SFM) to 
void the medium-changing effect on cytok ll1e productIon [30]: W e se-
fec ted 100 ) / m2 and 300 ) / m2 for irradiation, because ~he. prell1nll1~ry. ~x-
eriments showed that within 24 h after 300 )/m2 Irradiation, ce ll vlab tllty 
;ssessed by trypan blue dye exclusion method was 92.9 ±.2.7%, and both 
doses induced various kinds of cytokines. These doses are wlthll1 the physIO-
logic range of UV exposure experienced by human skll1 and approximately 
uivalent to the minimal erythema dose (ME D) [31 ]. Keratlnocytes were ~;rvested and tota l RNA was extracted at various time points after irradia-
tion. The supernatants wcre fi ltered through 0.2-/1m filters and stored at 
_ 30 ° C for measuring cytokine activity by enzyme-linked Immunosorbent 
assay (ELISA) . 
RNA Extraction Tota l RNA was extracted by the acid guanidinium 
thiocyanate-phe~ol-chlorofmm method of Chomczynskt and Sacclll [32], 
with minor modificatIOns. Bnefly, the culture dish was washed once U1 PBS 
and 5.6 M guanidinium isothiocyanate/2-mercaptoethanol solution was 
added. After phenol chloroform extraction, the amount of tota l RNA was 
measured by a fluorometer (Model 450, Sequoia-Turner, CAl· 
Reverse Transcription (RT) For RT reaction, 2/1g of tota l RNAwas 
ed . For the synthesis of oligo-dT -primed cDNA, RNA U1 10/11 dIstilled 
:ater containing 30 U of RNAsin RNase inhibitor (Pharmacia, Dorval, 
Que) and 1 /1g of 0Iigo(dT)12_IB primers (Pharmacia) was heated to?5 'C for 
5 min and chilled on ice. The samples were then added to the re~ctlon tubes 
containing 10/11 of 5 X RT buffer (300 mM KCI, 250 mM Tns-HCI , pH 
8.3 15 mM MgCI 2) , 2. 5/11 of 10 mM dNTP mix (10 mM each dGTP, 
dATP, dTTP, dCTP), SIt! of 0.1 M dithiothreitol (D~) , and 500 U of 
Moloney murine leukemia virus reverse transcriptase (Glbco) and reconsti-
tuted to 50 /11 with distilled water. The mixture was incubated for 60 mll1 at 
37°C. At the end of the incubation period, the reaction was stopped by 
heating at 95 'C for 5 min and 2 /11 ofRT reaction mixture was used for each 
PCR reaction. 
polyJDerase Chain Reaction (PCR) After reverse transcription . to 
cDNA, amplification was carried out by PCR (33). Primer sets and positive 
DNA template control for human IL-8 and glycera ldehyde-3-phosphate-
dehydrogenase (G3PDH) were purchased from Clontech Laboratories (Palo 
Al to, CAl. The primer sets for IL-8 and G3PD H were deSigned to span at 
leas t cwo different introns. Amplification with genomic DNA as template 
failed to give any product. The predominant cDNA amplifica tion product 
was predicted to be 289 base pair (bp) for IL-S and 9S3 bp for G3PDH. To 
carty out the PCR, S /11 of a PCR cocktail mix was added to each tube 
containing 2 /11 of cDNA RT sample. The PCR cockta tl mix was composed 
of 1 J.ll of 10 X PCR buffer (100 mM Tris-HCI, pH S.3, 500 mM KCI, 
15 mM MgCl2, 0.01 % [wt/vo l] ge latin), 1/11 of 1.25 mM dNTP mix, 1/11 
of 10-5 M tetramethylammoniumchloride (TMAC), 0.5/d of 20/1M 3' 
primer , 1 /11 of 32P-labeled 5' primer (0.5/11 of 20 liM 5' primer was ilml-
bated with 0.6 U of T4 polynucleotide kinase [PNK]; N ew England BIO 
Labs), 0.1/11 of 10 X PNK buffer (700 111M Tris-HCl (PH 7.6], 100 mM 
MgCi2, 50 mM DTT), and 0.025/11 of7000 Ci/mmol y[32P]_dATP (ICN 
Biomedicals Canada Ltd., Que) for 60 min at 37'C) [34] and 0.5 U ofTaq 
DNA polymerase (Pharmacia) and reconstituted Sill with distilled water. 
To prevent evaporation during, the high-temperature incubations, 15/d. of 
mineral oil was overlaid . The tubes were placed 111 a thermal cycler (Perkll1-
Elmer/Cetus, Norwalk, CT) programmed as follows; ?4 'C for 1 min, 
60'C for 2 min, and 72 ' C for 1 min. 
Semi-quantitative Analysis ofPCR Products Five microliters of the 
total reaction volume was size-fractionated by sodium dodecyl sulfate 
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(SDS)-polyacrylamide ge l. After elec trophoresis, the gel was exposed to 
Kodak XAR-5 film and processed for autoradiography, the relative amount 
of PCR products determined by densitometer scanning of autorad.iograms 
using a laser densitometer (LKB 2222-020, UltroScan XL, Pharmacia). For 
relative quantitation, the densitometry value ofIL-S was normalized to that 
of the housekeeping gene, G3PDH , which is not regulated by UVB. Data 
shown in each figure represent a typical result from at least four independent 
experiments. 
IL-8 Protein Determinations The concentrations of IL-S in cultured 
supernatants were measured usin g a commercially available ELISA (Quanti-
kine; R&D Systems, Inc., Minneapolis, MN). This kit is based on the use of a 
mouse anti-IL-S monoclonal antibody and a polyclonal antibody against 
IL-8, conjuga ted to horserad ish peroxidase. It is sensitive to 4.7 pg/ml IL-S 
and does not crossreact with other cytokines. Standard curves for recombi-
nant human IL-8 ranging up to 2000 pg/ml were run for each assay. The 
protein level in the supernatants was normalized to total cell number. Each 
supernatant was analyzed in triplicate. 
Cycloheximide Treatment Cycloheximide was purchased from Sigma. 
Stock solution (1 mg/ml) was prepared in K-SFM incomplete medium. 
From tlm stock solution cycloheximide was added directly to cell cultures to 
a final concentration of 10 /1g/ ml. 
Statistics The results were given as means ± SEM. Student t test was used 
for statistic evaluation. 
RESULTS 
Induction of IL-8 mRNA by UVB Irradiation in Human 
~eratinocytes In the preliminary experiments using both irra-
diated (24 h after 300 ] / m 2 irradiation) and unirradiated KC sam-
ples, PCR cycle dependency and cDNA concentration dependency 
of signal intensity were assessed not only to gain optimal signal 
strength but also to permit semi-quantitative analysis. PCR signals 
for IL-8 and G3PDH were cl early obtained after 28 a.nd 22 cycles 
(Fig 1a,b) , respectively. Amplification of2 J.lI cD NA sample yielded 
IL-8 and G3PDH PCR products in their linear ranges (Fig 2a,b). 
These results showed that under these conditions, PCR signal in-
tensity for both products was not saturated . 
. Figures 3 and 4 show representative autoradiograms ofRT-PCR 
Signals for IL-8 and G3PDH. Sizes of both products coincided with 
the predicted bp (289 for IL-8 , 983 for G3PDH). These were vali-
dated using size markers (Pharmacia) and positive cDNA template 
controls for both primer sets provided by C lontech. 
Figure 3 demonstrates that normal human cultured KCs consti-
tutively expressed IL-8 mRNA (Fig 3, la/le 1; Fig 4, lane 1) and that 
~t 24 h afte~ irradiation, IL-8 PCR signals were dose-dependently 
Increased (Flg 3, lanes 2 and 3). A greater induction ofIL-8 mRNA 
wa~ observed at 300 ] / m 2 irradiation. Therefore, the following ex-
penments were done at this dose of UYE. Figure 4 shows the time 
course of IL-8 mRNA inductio n by UVB. Expression of the IL-8 
mRNA was upregulated as early as 1 h and further increased 6 h 
after irradiation. The G3PDH signal was no t changed by UV treat-
ment. 
The relative amounts of th e PCR signa l intensity determined by a 
laser densltolT~etry of the autoradiogram were depicted in Fig 5. 
Optical denSities of the bands for IL-8 were normalized relative to 
G3PI?H signals. Sham-irradiated controls were performed on all 
expenments. No significant differences in IL-8 and G3PDH ex-
pression w ere found between sham-irradiated and unirradiated 
cells. Therefore, only the 0 t ime point unirradiated cells are in-
cluded as a control for clarity. Levels of IL-8 gene expression after 
UVB irradiation w ere given relative to those of unirradiated normal 
controls (control = 1.0). Re lative IL-8 gene expression at 1, 6, and 
24 h after irradiation was 2.2 ± 0.4 (p < 0.05), 3.6 ± 1.6 (p < 
0.05), and 13.3 ± 3.0 (p < 0.01), respectively. 
IL-8 Production in the Supernatants The IL-8 production was 
measured by ELISA. Doses of UYE used here did not induce ob-
servable changes in cell viability as assessed by plasma membrane 
permeability to trypan blue, therefore th e activity in the superna-
tants was normalized to total cell number. As shown in Fig 6, IL-8 
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Figure 1. Effect of cycle number on signal strength for IL-8 (a) and 
G3PDH (b) , Two micrograms of total RNA from UV-irradiated (24 h after 
300 J / m2 irradiation) (e) or unirradiated (0) KCs was reverse-transcribed to 
eDNA. Two microliters of cDNA were amplified with both 32P-labeled 5' 
and unlabeled 3' primer sets for IL-8 and G3PDH, as described in Materials 
allil Methods. PCR products were analyzed by electrophoresis/autoradiogra-
phy. 
protein activity was detected in the supernatants from unirradiated 
cells, and a significant increase of IL-8 protein by UV-irradiated 
KCs was observed at 24 h after irradiation. The level ofIL-8 at 24 h 
after irradiation was almost ten times higher than control level 
(173.4 ± 34.1 pg/ml versus 16.7 ± 2.5 pg/ml, p < 0.D1). 
Cycloheximide Effect To examine whether the increase of the 
IL-8 level was due to de 110110 protein synthesis, cycloheximide was 
added immediately after UVB irradiation. Figure 6 demonstrates 
that UV -induced IL-8 protein levels in the supernatants were 
mostly blocked in the presence of 10 /lg/ml cycloheximide (Fig 6) . 
DISCUSSION 
In this study we demonstrated that human icCs constitutively ex-
press IL-8 mRNA (Figs 3 and 4, lalle 1), the expression being upre-
gulated by UVB irradiation within 1 h (Fig 4, lalle 2 and Fig 5). The 
level of IL-8 protein in the culture supernatants of unstimulated 
KCs was very low, but it dramatically increased after UVB irradia-
tion (Fig 6). 
Keratinocyte IL-8 mRNA expression was induced within 1 h 
after UVB exposure. Several possible mechanisms behind the in-
duction of IL-8 expression may be considered. Autocrine and/or 
paracrine stimulation of other cytokines induced by UVB may con-
tribute to this upregulation. It has been shown that IL-1 or TNF-a 
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Figure 2. Effect of cDNA concentration on IL-8 (a) and G3PDH (b) signal 
strength. Serial dilutions of eDNA from UV-irradiated (24 h after 300 J/m2 
irradiation) (e) or unirradiated (0) KCs were amplified by 28 PCR cycles for 
IL-8 and 22 for G3PDH with both 32P-labeled 5' and unlabeled 3' primer 
sets for IL-8 and G3PDH, as described in Materials alld Methods. PCR prod-
ucts were analyzed by electrophoresis/autoradiography. 
very rapidly induce IL-8 mRNA in a variety of cell types and that 
this mRN A expression reaches a maximal level at 2 - 3 h after stim-
ulation, gradually decreasing thereafter [21- 24] . In fact, the 5/-
flanking region contains a minimal enhancer region required for 
IL-1 and TNF-a responsiveness as well as potential binding sites for 
nuclear factors, including AP-1 [35]. Because IL-8 mRNA was in-
duced within 1 h after UVB irradiation, we feel it is unlikely that 
upregulation is due to IL-l or TNF-a induction. 
Transcription factor(s) induced by UVB may contribute to this 
induction. This speculation may be supported by the following 
observations: UVB enhances rapid and transient c-jt/II expression 
(twofold at 30 min) in mouse skin (Fukuda et aI., in press) as well as 
an immediate early c-Ios expression (30 min) in mouse epidermal 
cells [36]. The 5'-flanking region of the IL-8 gene contains an AP-l 
binding site [35], which interacts with a dimeric transcriptional 
activator composed of the products of c-jt/II and c-Ios [37]. Therefore, 
one can speculate that the initial rapid increase of IL-8 mRNA 
occurring within 1 h after UVB irradiation may be due to an AP-l-
induced response. 
A direct effect ofUVB on DNA may be another possible mecha-
nism for IL-8 induction. However, current knowledge regarding 
UVB responsive elements is scant. It cannot be excluded that other 
unknown factors that upregulate IL-8 mRNA or suppress the pro-
duction of inhibitory factors for mRNA degradation are produced 
by UV irradiation. 
Keratinocyte-derived IL-8 protein was observed even in the su-
pernatants of unirradiated cells. Whereas IL-8 mRNA was clearly 
increased by 6 h post-UVB, IL-8 protein levels in the supernatants 
were only significantly increased by 24 h after UVB irradiation (Fig 
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. . 3 lL-8 mRNA expressions in human KCs at 24 h after UVB irra-~~~re Two micrograms of total RNA was reverse-transcribed to cDNA 
ladtlon . I,ced with both 32P-labeled 5' and unlabeled 3' primer sets for IL-8, 
an amp ill I db I 
d l'bed in Materials afld Methods. PCR products were ana yze ye ec-as escr . 
tro horesis/autoradiography. Top, IL-8; bO/lolll~ G3PDH. Lallf 1, ul1lrra; 
diafed control cells; lallc 2, 100 1/m2 UVB-madlated cel ls; lafle 3,300 l/m 
irradiated cells. 
6). At 24 h after irradiation. the IL-8 protein level in the supernata~1t 
tenfold higher than the control level. The results of cyclohexl-
:cie treatment suggest that upregulation of IL-8 ~evel w~s mostly 
due to de novo synthesis of the protein after UVB madla~lOn. 
IL-8 has been shown to be chemotactic for neutropluls [3~]. T 
I mphocytes [39). and basophils [40). Therefore. !L-8 protem IS 
thought to playa role in a variety of inflammatory disorders such as 
soriasis [41]. as well as wound healing. . . 
P Where the interaction between UV~ and skm IS concerned. the 
t common photobiologic reaction mduced m the skm by UVB mos . fl 
. h sunburn reaction. Sunburn is a cutaneous 111 ammatory reac-
IS t e . h k' TI I' 
. haracterized by erythema and edema111tes111.1el1sto-
tlon c "" II ' I 'd . logic changes of sunburn are the sunburn ce m t le epl ermls 
and an inflammatory infiltrate (mainly neutroplul). endotheltal 
ll 'ng nuclear dust and extravasation of red blood cells 111 the swe 1 . ' f I '11 
, dermis [42]. The dermal changes include edema 0 t le pap I ary 
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Figure 4. IL-8 mRNA induction at various time points after 3001/m2 
UVB irradiation. Two microgranls of total RNA were reverse-transcnbed to 
eDNA and amplified with both 32P-Iabeled 5' and unlabeled 3' pruner sets 
for 11--8. as described in Materials olld Methods. PCR products were analyzed 
by electrophoresis/autoradiography .. Top~ IL-8; bot/Dill, G3PDH. L.ollc 1, 
unirradiated control; lallc 2, 1 h after Irradiation; lafle 3,6 h after madlatlon. 
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Figure 5. Densitometric relative quantification of the autoradiograms for 
IL-8 shown in Figs 1 and 2. The relative amount of PCR products was 
determined by scanning of 3utoradiograms using a laser densitometer. For 
relative quantification, the densitometric value of IL-8 was normalized to 
that of G3PDH. Levels ofIL-8 gene expression after 300 1/m2 UVB irradia-
tion were expressed relative to those of unirradiated normal controls 
(control = 1.0). Sham-irradiated controls were perfonned on all experi-
ments. No significant differences in IL-8 or G3PDH expression were found 
between sham-irradiated and unirradiated cells. Therefore, the only 0 time 
point unirradiated cel ls is included as a control for clarity. The data represent 
the means of three different experiments run on triplicate cultures from 4 (l-
and 6-h poims) and 5 (24-h point) different donors. 
dermis and perivascular space. The leukocyte exudate is apparent 
within an hour of exposure. peaking at 14 h, dwindling thereafter 
up to 48 h [42]. Pathogenesis of erythema has not yet been com-
pletely understood. Increased levels of prostaglandins (PGs), which 
are demonstrated in perfusates from UV-irradiated skin [43] and in 
suction blister fluid obtained in the first 24 h after UVB irradiation 
[44], are considered to be one of the pathogenic factors . However, it 
is likely that other mediators are involved. Colditz et al [20] demon-
strated that intradermal iruection of IL-8 in rabbits caused acute 
inflammation characterized histologically by the accumulation of 
neutrophils. Rampart et al [45] showed that in the presence of a 
vasodilator, for example PGE2, pmol amounts ofIL-8 induced neu-
trophil accumulation associated with plasma protein leakage. IL-8 
has also been shown to function as an angiogenic factor [46] . In 
humans, intradermal injection of IL-8 has been demonstrated to 
cause an acute inflammation by emigration of circulating leukocytes 
225 
o 3 6 24 
Time after Irradiation (hr) 
Figure 6. Determination of IL-8 concentrat.ion in cultured supernatants. 
The KCs were cultured in incomplete K-SFM without BPE and rEGF for 
72 h before irradiation. After 3001/m2 UVB irradiation, the cells were 
cultured with the conditioned medium with (+) or without (-) 10 .ug/ml 
cycloheximide. The supernatants were harvested at different time points 
after irradiation, filtered, and tested for IL-8 activity in triplica te by the usc of 
an IL-8 ELISA. Bar, average of three different ce ll strains, expressed as pg/ml 
(mean ± SD). 
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into the surrounding tissue [47,481. These results suggest IL-8 may 
be involved in UVB-induced skin inflammation. 
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